The effects of major components of silicates (sodium, potassium, calcium, magnesium, iron, and aluminum) and other elements (rubidium, cesium, strontium, barium, and boron) on the determination of lithium, strontium, and barium in acidic rocks (GSJ-JG-I, GSJ-JG-]a and USGS-GSP-1) have been studied by ICP-AES. Lithium was successfully determined in the presence of 1 mg/g of aluminum and 2 mg/g of boric acid by ICP-AES after the rapid decomposition of the sample in a microwave oven. Analytical results for lithium agreed well with those obtained by the standard addition method and by flame emission spectrometry. Strontium and barium were also determined without any interference, and their analytical results also agreed well with the certified values. Total time for 10 sample analyses was less than 1.5 h.
Lithium is one of the important components in mixed-layer clay, e.g., tosudite contains ca. 1% Li20.' Since lithium gives a negative thermal expansion for ceramic wares, contrary to the positive one of sodium and potassium, it is very important to know the lithium content in raw materials for ceramics. For this reason, the rapid decomposition of each sample and the precise measurement of lithium are currently required. So far, minor amounts of lithium in siliceous materials has been determined by flame AAS2-6 and flame emission spectrometry (FES).'-" But it is not easy to determine this element at lower concentrations by these methods due to the interference from various matrix elements. ' 2,13 Barium and sometimes strontium are added to ceramics for electric insulation. The determination of these elements is also difficult by FES and flame AAS because of the serious interference from coexisting elements. [14] [15] [16] [17] Recently ICP-AES has been used more and more for a wide variety of samples because of its wide and linear dynamic range, freedom from interference, and higher sensitivity for many elements. Our comprehensive studies'g-20 found that ICP-AES gave good detection limits for the determination of these three elements in clay.
Nadkarni determined lithium, strontium, barium, and other many elements in a variety of standard reference materials including USGS standard rocks by ICP-AES. 21 However, lithium could not be easily determined in the samples due to the inter-alkali interferences. 22 The present paper describes the rapid microwave 
Experimental
Apparatus A sequential ICP instrument, Nippon Jarrell-Ash Model ICAP-575, was used under the optimum operating conditions ( Table 1 ). The observation height for lithium was 2.5 mm above the coil and those for both strontium and barium 10 mm. 19 An atomic absorption spectrophotometer, Seiko Model SAS-727, was also used for lithium measurement in emission mode with a discrete nebulization technique using an air-acetylene flame. The sample solution of 100 µl was injected into the small PTFE funnel connected directly to the nebulizer needle.23
Reagents
Stock solutions (Sr, Ba, Fe, and Li, 2 mg/ g in 0.5 mol dm 3 HCl) were prepared by dissolving strontium and barium carbonates, iron oxide (Johnson Matthey, "Specpure") , and lithium carbonate (Merck, "Suprapur") in hydrochloric acid and diluting them with water by mass. Aluminum stock solution (5 w/w% in 0.5 mol dm 3 HCl) was similarly prepared from its metal (99.99%; Mitsuwa Pure Chemicals Co.). Boric acid of 4 w/ w% was prepared by dissolving boric acid (Merck, "Pro Analyse") in water .
Sodium, potassium, rubidium, and cesium solutions (4 mg/ g) were prepared from their chlorides (Wako Pure Chemicals Co., G.R.). The working standard solutions were prepared by diluting the stock solutions with water and perchloric acid by mass to the appropriate concentrations. These solutions contained 0.1 mol dm 3 perchloric acid, 1 mg/ g of aluminum, and 2 mg/ g of boric acid so as to be similar to those in the sample solution. The mixed solution (I) was prepared by diluting the mixture of 2.5 ml of 4 w/ w% boric acid, 2.0 ml of 5 w/ w% aluminum, and 0.5 ml of conc.perchloric acid to 50 g with water.
The acids used were of super special grade quality from Wako Pure Chemicals Co. Doubly distilled water from an all-glass still was used throughout the present experiments.
Recommended procedure Take powdered sample of ca. 100 mg in a PFA (perfluoroalkoxy-ethylene) Tuf-Tainer vial of 15 ml capacity (TV-15, Pierce Chemical Co.) and add 0.5 ml of hydrochloric, 1 ml of hydrofluoric, and 0.5 ml of perchloric acids. Close the screw cap tightly and decompose the sample by repeating 1 min-heating and 5 min-cooling three times in a microwave oven (500 W) for kitchen use. 24 Evaporate the content until perchloric acid fumes appear. After adding 2.5 ml of 4 w/ w% boric acid, dilute the digested solution with water to 50 g by mass. Four gram of the sample solution thus obtained is diluted further with 4 ml of the mixed solution (I), and finally the mass of the sample solution is weighed. This final sample solution is applied to the determination of lithium, strontium, and barium by ICP-AES.
Results and Discussion
Interference from coexisting elements
In the preparation of the final sample solution, boric acid was added to mask fluoride ion which could not be removed completely even by heating to perchloric acid fuming. Otherwise, the quartz torch would be attacked. With increasing boric acid concentration, the emission intensity of lithium slightly increased, as shown in Fig. 1 , while the emission intensities of strontium and barium did not change.
The concentrations of major components in the final solution obtained from JG-1 were as follows: Al 219 ppm, Fe 30 ppm, Mn 1 ppm, Mg 9 ppm, Ca 31 ppm, Na 50 ppm, and K 66 ppm. Since the inter-alkali interference was recently reported by Faires et a1.22, the effects of aluminum, iron, alkali and alkaline earth elements on the determination of three elements were also examined in detail in the presence of 2 mg/ g of boric acid. No interference on strontium and barium was observed, although intense effects were observed for lithium. These effects are shown in Figs. 2-4 on a weight/ weight concentration basis (µg/ g).
Of the elements studied, alkali metals showed the most intense and positive interference. Even at a low concentration of sodium, the remarkable enhancement of lithium intensity was observed as is seen in Fig. 2 . The lithium intensity increased in the order of Na<K<Rb<Cs on the molar concentration basis, as already indicated22, which was in accordance with the order of the smaller ionization potential of alkali metals. Alkaline earth metals showed the similar effect on the molar concentration basis, i. e., Ba>Sr>Ca>Mg, while their effects were less than those of alkali metals, as shown in Fig. 3 . The order of the enhancement was reversed on the weight/weight concentration basis, i.e., Na> K>Rb>Cs and Mg>Ca>Sr>Ba, as evident from Figs. 2 and 3. The positive effect of aluminum was greater than that of iron which showed only small enhancement. From the spectral profile around 670.784 nm, these enhancements were observed only in the presence of lithium, while the base line intensity did not vary even in the presence of elements studied above. Therefore, these effects would be chemical interferences, as was already observed in FES. 13 Due to the facts mentioned above, lithium in silicates could not be measured directly after the simple decomposition of sample.
As a matrix modifier, aluminum was added to the final sample solution, because aluminum was one of the major constituents of silicates and gave a considerable effect on lithium in ICP-AES.
As evident from Fig. 4 , the emission intensity of lithium was almost constant in the presence of 0.5 -1.5 mg/ g of aluminum. Judging from the aluminum content in silicates (10 -40% as oxide, i.e., 100 -400 µg/ g Al in the final sample solution), the addition of 1 mg/ g aluminum was enough to keep the aluminum concentration in the range of 1.0 -1.5 mg/ g in the final sample solution. The presence of 1 mg/ g of aluminum and 2 mg/g of boric acid made the determination of lithium by ICP-AES easy.
Reproducibility and accuracy
With the proposed method, only lithium in JG-la was measured to check the reproducibility and accuracy, because the measurement of lithium suffered from the large interference due to the coexisting elements. The analytical results are shown in Table 2 along with those obtained by the standard addition method and by FES. The results by the present method agreed well with those by the standard addition method in ICP-AES and FES and with that by FES in the presence of 1 mg/ g of cesium. On the other hand, the results obtained by ICP-AES in the presence of 2 mg/ g of boric acid were the largest. Further, the values by FES in the presence of 2 mg/ g of boric acid were still somewhat larger, irrespective of coexistence of 1 mg/ g of aluminum. Although the positive interference from the coexisting elements described above caused these large values, the reproducibility of each method was very good. Judging from results obtained by various method given in Table 2 , lithium content in JG-1 a seems to be 74 µg/ g, though the accuracy of the present method could not be evaluated for the lack of a certified or recommended value. aluminum on lithium (100 ng/g) of 2 mg/g boric acid. 0, al- JG-1 and GSJ-JG-1 a and USGS-GSP-1, are shown in Table 3 . The results for strontium and barium even in the coexistence of the elements added agreed well with the recommended values25 and with those obtained by the standard addition method. The results for lithium by the present method agreed well with those obtained by the standard addition and those obtained in the presence of 1 mg/ g of sodium, while they were lower than the recommended ones, especially for JG-1.25 From our data in Table 2 and the descriptions above, the recommended values for lithium in GSJ-JG-1 and USGS-GSP-1 seem to be somewhat larger. The presence of 1 mg/ g of sodium also gave the good results for lithium, as evident from Table 3 . Sodium could be used as one of the matrix modifiers. Since the sodium content in rocks is usually lower than the aluminum content and a given amount of aluminum gives the constant lithium intensity, aluminum addition would be preferable.
In conclusion, the heating method with a microwave oven for kitchen use made the decomposition of acidic rocks easier and more rapid in the presence of mineral acids. The major components of rocks produced the significant and positive interferences for lithium. Lithium in silicates was easily determined in the presence of 1 mg/ g of aluminum and 2 mg/ g of boric acid in the final sample solution by ICP-AES. The analytical results agreed well with the data obtained by standard addition method.
Strontium and barium were also determined without any interference using the same sample solution as used for the lithium determination. Total time for the analyses of three elements in 10 samples was less than 1.5 h.
